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ABSTRACT 
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This work is aimed at studying the regrowth behaviour of single and 
+ 

double buried damage layers on subsequent laser annealing of P implanted 

Si, implanted at 120 keV to doses of 5 x 1o14 1cm2 and 7.5 x lo 15 tcm2, 

respectively. A Q-switched ruby laser operating at a wavelength of 

0.695~m was used for the annealing. 90" cross sectional TEM and MeV 
+ He channelling spectroscopy were used to examine the damage structures 

and their depth distributions. 
? 

At 0.9 J/cm-, TEM results showed that 

the single buried damage layer regrew into two discrete damage layers. 

At 2.0 J/cm2, TEM results showed that the first layer in the double 

buried damage layers type structures either completely annealout out, 

leaving a partially annealed second layer consisting of damage clusters 

or had dislocations in the first damage layer region that extended from 

the surface and were in direct contact with the deeper lying second layer 
+ 

of damage clusters. The MeV He channelling spectra for the above 

samples were in agreement with the TEM results. 
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RESULTS 

a. Single Buried Amorphous Layer For the wafers implanted to a dose of 

5 x 1o14 1cm2, the TEM 'cross-section' micrograph showed a buried 

amorphous layer 'K' (Fig. la). The region between the surface and the 

top edge of the damage layer 'K' had sparsely distributed clusters (for 

TEM data see Table I). The channelling results also showed peaks 'E' and 

'F', indicating the presence of a buried damage layer under a heavily 

damaged surface region (Fig. 2.) 

After the specimen has been laser annealed at 0.9 J/cm2, the TEM 

micrograph showed two discrete damage layers 'L' and 'Z' in a single 

crystal material (Fig. lb). The TEM data for these layers is given in 

Table 1. Layer 'L' contained small dislocation loops and layer 'Z' 

contained a high density of damage clusters. The channelling results 

showed three peaks, 'G1', 'Gz' and 'G3', respectively. Peak 'G3' 

corresponded to the single crystal surface peak. Peaks 'G2 ' and 'G3' 

(Fig. 2) showed the presence of two discrete damaged regions. The 

scattering yield values indicated the surface to be damaged and the 

deeper damage layer to have more disorder as compared to that present in 

the shallower layer, This was in agreement with the TEM results. 

b. Double Buried Damage Layers (Green Band) For the wafers implanted to 

a dose of 7.5 x 1o15 1cm2, and showing a mutlicoloured band at the 

implanted surface, the TEM micrograph from the 'green' region showed two 

discrete buried damage layers 'P' and 'Q' in a single crystal material 

(Fig. 3a). The TEM data is given in Table I. The channelling spectra 

showed three discrete peaks, •c1•, •c2• and •c3•, respectively. 

Peak 'Cl' corresponded to the surface peak in single crystal material 
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(Fig. 4). Peaks 'C ' and 'C ' showed the presence of two discrete 2 3 

buried damage layers. The scattering yield values indicated that the dis-

order ·in the shallower layer was more than that in the deeper layer. 

These results were in agreement with the TEM results. 

On subesequent annealing at 2.0 J/cm2, the TEM micrograph showed 

that the shallower damage layer 'P' in the unannealed specimen vvas no 

longer present; however, the deeper layer '0' was still present but was 

less in evidence (layer 'R' in Fig. 3b:. for TEM data, see Table 1). The 

channelling results (Fig. 4) gave a single crystal spectrum but showed an 

increased dechannelling in the deeper regions. 

c, ~ble Buried Damage Layers (Blue-Green Band) The TEM micrograph 

from the 'blue-green' region of the previous wafer again showed two 

discrete buried damage layers 'S' and 1 T' (Fig. 5a) but the depth 

distribution of the damage here was different as compared to that in the 

previous 'green' band specimen. The TEM data is given in Table I. The 

channelling spectra (Fig. 6) again showed three discrete peaks, 

'D 1 'D' and 'D3
1

, respectively. The scattering yield values of l , 2 ' 

the peaks indicated that the surface region was single crystal but was 

damaged, This was followed by two discrete damage regions. 

On subsequent annealing at 2.0 J/cm2, the TEM micrograph showed 

that the shallower damage layer 'S' in the unannealed specimen regrew to 

form a l aye r of d ·i s l o c a t i on s , ' U 1 
, ( F i g . 5 b ) t h at was i n d i r e c t con t a c t 

with a dense layer of damage clusters, 1 V', and the dislocations extended 

to the surface. (TEM data, see Table I). The channelling spectra showed 

two peaks 1 D 1 and '0 1 
I (Fig. 6). Peak 1 D' corresponded to the surface 

peak in single crystal material, However, peak 1 09
' indicated that a 

discrete damage region was present deeper into the material. The 
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scattering yield values indicated relatively less disorder in the damage 

layer, This was in agreement with the TEM results, 

DISCUSS ION 

The mechanism of formation of two discrete layers of damage on 

subsequent laser annealing of a single buried amorphous layer is not yet 

clear. If melting has occurred, the subsequently cooled molten region 

would have contained dislocations nucleating from the underlying damage 

that would extend to the surface as observed earlier (1-3, 8,9) Since 

this did not occur, it has been conjectured that the regrowth occurred in 

a quasi-molten state. The energy absorption at the surface is expected 

to be less as compared to that at the upper edge of the buried amorphous 

layer (13), This differential absorption of laser energy could create a 

buried quasi-molten region at the top edges of damage layer 'K' (Fig. 1a). 

The subsequent cooling of the quasi-molten layer could form embryonic 

small dislocation loops. However, the presence of dislocations 

originating from the deeper layer of damage clustsers and extenting up to 

the surface both for the above specimen (3) and the 'blue-green' specimen 

on subsequent laser annealing at higher energies indicated that the 

melting occurred during the annealing and that the depth of the molten 

zone was either less or nearly equal to the width of the total damaged 

region in the as implanted specimen, The width of the molten zone (Table 

I) obtained here is in disagreement with that calculated by earlier 

workers both theroetically and experimentally. This apparent discrepancy 

could be attributed to significantly different average absorption 

coefficients of different coloured regions at the surface and also to the 

unique damage distribution present underneath these colour bands that 

could affect the energy coupling in the surface region. 
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CONCLUSIONS 

1. The regrowth of the damage in P+ implanted Si on subsequent pulsed 

laser annealing can occur either via quasi-molten phase epitaxy or liquid 

phase epitaxy, depending on the laser energy used and the depth 

distribution of damage present. 

2. There is a good qualitative correlation between the cross-

sectional TEM and MeV He+ channelling results. The discrete damaged 

region in TEM micrographs appear as discrete damage peaks in the 

ch anne ll in g spectra . 
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Fig. 2. 

Fig. 4. 
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FIGURE CAPT IONS 

TEM 90° cross-sectional micrographs for Np+=5xlo14tcm2, 
E=120 keV, T;=RT. a) Unannealed b) L.A., 0.9J/cm2, 

1.6 MeV He+ channelling spectra for UA and LA specimens, 

TEM 90° cross~sectional micrographs for Np+=7.5xlo15;cm2, 
Eid20 keV, Green Band. 

1.6 MeV He+ channelling spectra for UA and LA specimens. 

TEM 90° cross~sectional micrographs for Np+=7.5xlo15;cm2, 
E;=l20 keV, Blue-Green Band. 

1.6 MeV He+ channelling spectra for UA and LA specimens. 
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Table I 

Sh a 11 ow Layer peep Layer 

Unannealed Laser annealed Unarmea led Laser annea 1 ed 
Dose 

Mean Mean Mean Mean 
Width*De Width* Depth* Width* Depth* Width* Depth* 

5 X 1014 1350 1100 400(L) 1070( L) 

400(Z) 1600(Z) 

7.5 x 1o1s 
(Green) 870 750 550 1560 400 2400 

7 .s x Jol5 
(Blue-Green) 530 930 1730 870 470 1800 930 2200 

*The measurement unit is in A. 



( l 0) 



( ll ) 
LBL-10625 

2500r:,~,-----------------------------------------
, 

'\ 

Si,5 Xl01}cm2 

120 KeV,RTi 

2000 

LA,0.9JA::m2 

500 

ENE 

Figure 2 

E 

~ 

" \ 

I 

I 

I 

I 

I 

XBL 791 H 2900 



( 12) 

N 
co 
\D 
L.O 

LBL-10625 



( 13) 
LBL-10625 

2500P------------------------------------------, 

" " ' ' " 

2000 

1500 

1000 

500 

"' '..,.... RANDOM 
'-- .......... J 

GREEN BAND 

p-.:t,.,.(lll) Si, 7.5 x1o1o/ cm2 

120 KeV,RTi 

C3 

+ 

C2 
+ 

" \ 

I 
I 

I 

I 

I 

I 

Cl I 

+ 

I 

I 

I 
I 

.-.,, (111> 
viRGiN - - - - - - - - - - -

0.5 0.6 

Fi gurc' 4 

0.7 

ENE ( 
XBL 7911-12902 



( 14) LBL-10625 



( 1 5) LBL-10625 

2500r-----------------------------------------~ 

2000 

11500 

u,. 1000 

0 

E REEN BAN 

0.5 

(111) 

LA,2.0J/Cm 2 

(111) 

VIRGIN 

0.6 0.7 

P"" .- (lll)Si,7.51015/Cm 2 

120KeV,RT. 

03 
+ 

02 
t 

"' ' ' I 
I 

01 

• 

' ' ' ' 

E ERGY (MeV)--
XBL 7911-12901 

Figure 6 




